I. INTRODUCTION
Single-molecule magnets(SMM), which may be the smallest nanomagnets exhibiting magnetization hysteresis-loop ( a classical property of macroscopic magnets), straddle the interface between the characteristics of classical and quantum worlds. The quantum tunneling of magnetization and quantum phase interference known as macroscopic quantum effects have become an attractive research field in recent years. The quantum effects in these magnetic particles and clusters of nanometer size, such as Mn 12 (S = 10),Fe 8 (S = 10) and Mn 4 (S = 9 2 ) molecules, have been well studied 1−17 both experimentally and theoretically. Several proposals of possible quantum computing schemes are also suggested using molecular magnets 18−20 .
The high-frequency single crystal electron paramagnetic resonance(EPR) is a powerful tool for the experimental study of various properties of single-molecule magnets 21−24 . Wernsdorfer et al. 25 recently pointed out that the supermolecular dimer [Mn 4 ] 2 consisting of two molecule magnets Mn 4 with antiferromagnetic exchange-coupling exhibits a quite different quantum behavior from two individual Mn 4 molecules without coupling 25−28 . It is therefore of great importance to understand the effect of the exchange interaction which leads to energy level splitting 27, 31 and has been studied with the high-order perturbation method 29 .
The step-like magnetization hysteresis-loop in a supermolecular dimer have been demonstrated in terms of the numerical solution of the time-dependent Schrődinger equation 30 .
Recently the multi-high-frequency EPR was used to probe the magnetic excitations of the proper chemical design may be used as practical quantum devices for quantum computing.
II. LEVEL SPLITTING AND EIGENVECTORS
Neglecting off-diagonal crystal field terms and inter-molecular interactions, the effective spin Hamiltonian with a magnetic field applied parallel to the easy axis of an isolate SMM has the form 
where
For the supermolecular dimer with antiferromagnetic coupling the Hamiltonian is seen to beĤ
where S ± = S x ± i S y with J z and J xy denoting the strengths of exchange coupling. In the following we consider only the isotropic case that J z = J xy = J > 0 which has been verified experimentally 27 . We furthermore assume that the exchange coupling J is much less than the anisotropy constant D. Then,Ĥ is rewritten as the perturbation form
whereĤ 0 is the zeroth-order Hamiltonian. The zeroth-order eigenvectors of the dimer are direct products of the single-molecule eigenvectors such that
where M 1 and M 2 represent the quantum numbers of spin operatorsŜ 1z and S 2z respectively. The dimer has (2S 1 + 1)(2S 2 + 1) energy levels which are labeled by the spin quantum numbers M 1 and M 2 and given by
It is seen obviously that the eigenstates |M 1 , M 2 and |M 2 , M 1 are degenerate since 
wherê
and
Since S 1 = S 2 = S for the dimer case, we obtain the level splitting as
Disregarding the fourth-power of anisotropy term in Eq.. (4) i.e. B = 0, the formula of level splitting can be simplified as
The state of the zeroth-order perturbation is obviously the superposition of the states
The first-order state is then obtained as
and a
The n-th order state is
where l = 1, 2, · · · , n. We finally obtain the coefficients a
of the n-th order state
The zeroth-order perturbation wave functions for the non-degenerate states |M 1 , M 2
The matrix elements of operatorV in Eq. 18 appear only in the chain connecting the states |k 1 + l, k 2 − l and
We can obtain the results by non-degenerate perturbation theory as follows. When a
= 0, as a consequence eqs.
(16), (17) , (20) and (21) become the same as for the case of non-degenerate states.
Making use of eqs. (13), (16), (20) and (21), we can obtain all eigenvectors for the quantum number range from M = M 1 +M 2 = −9 to 0 , while the eigenvectors for the quantum number range from M = 1 to 9 can be obtained simply by the replacements: 
III. EPR TRANSITION
In the EPR experiment, it has been seen that the exchange-coupling induced singlespin transitions i.e. the transitions from (
can occur, however, the single-spin transitions should also depend on the states of the other spin within the dimer because of the exchange coupling. This dependence has displayed its importance in the resonant macroscopic quantum tunneling too.
Most importantly the multi-high-frequency electron paramagnetic resonance spectra of the dimer obtained by Wernsdorfer et al 27 and Hill et al. 31 show a compelling evidence that the two molecules Mn 4 are coupled quantum mechanically by the antiferromagnetic exchangecoupling which leads to the energy level splitting.. In terms of Eq. (6) and Eq. (10), we can calculate the energy level splitting caused by the perturbation part of the Hamiltonian V . Thus, when the frequency ν is fixed to the value 145GHz and the magnetic field B z varies quasi-statically to reach a resonance point, the EPR transition matrix elements with the selection rule ∆M = ±1 can be accurately calculated using the level splitting formula Eq. (10) Table 1 (resonance transitions between higher energy levels are not listed ), and displayed schematically in Fig. 1 .
From Table 1 , we can find that principal resonance peaks labeled by (x), (a) to (i) are in agreement with the result of Hill et al. 31 (see Fig. 2 and Fig. 3 in Ref. [31] ). From the respectively, are also in agreement with our result in Table 1 . We expect that the possible EP R peaks calculated at the higher field region for B z ≥ 6 tesla can be verified by future EP R experiments. Moreover the relation between the field value B z and frequency ν can be obtained from the resonance condition
where the energy E (M) can be accurately calculated from the level splitting formula Eq.
(10) and the eigenvectors in appendix A. The level splitting ∆E is shown in Table 2 for various EP R transitions. The calculated positions of EP R peaks depending on frequencies are shown in Fig. 2 . 
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Appendix A: Eigenvectors 
